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What’s	
  the	
  point?	
  

€ 

P ∝ g2 ⋅ B2V ⋅ min(QL ,Qa )

€ 

1
f
⋅
df
dt

∝ g4 ⋅ B4V 2 ⋅ min(QL ,Qa )

For	
  copper	
  cavi8es,	
  Qa	
  ~	
  106,	
  whereas	
  QL	
  ~	
  50,000	
  
	
  
If	
  you	
  could	
  increase	
  QL	
  by	
  a	
  factor	
  of	
  e.g.	
  x10	
  :	
  
	
  –	
  	
  P	
  	
  would	
  increase	
  by	
  	
  x10	
  
	
  –	
  	
  df/dt	
  	
  would	
  increase	
  by	
  x10	
  	
  	
  (for	
  constant	
  g)	
  
	
  –	
  	
  g	
  would	
  improve	
  by	
  ÷1.8	
  	
  	
  (for	
  constant	
  scan	
  speed)	
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  of	
  the	
  TM010	
  mode	
  for	
  a	
  conven8onal	
  Cu	
  cavity:	
  



L 

R 

Q  =   
L!R 

1  + L/R 
R
!

. 

Thin-­‐film	
  superconduc8ng	
  barrel	
  

Copper	
  end-­‐caps	
  

This	
  term	
  goes	
  away	
  for	
  a	
  	
  
superconduc8ng	
  barrel	
  	
  

The	
  concept	
  of	
  a	
  hybrid	
  superconduc8ng	
  cavity:	
  

Qhybrid	
  	
  =	
  	
  (1	
  +	
  L/R)	
  .	
  Qcu	
  

For	
  typical	
  ADMX	
  cavity,	
  L/R	
  =	
  5,	
  enhancement	
  factor	
  =	
  6	
  



Univ.	
  Florida	
  (Xi	
  et	
  al.)	
  validated	
  the	
  science	
  basis	
  	
  

10	
  nm	
  Nb0.5Ti0.5N	
  is	
  perfect	
  

Supports	
  B||	
  up	
  to	
  10	
  Tesla	
  
	
  

	
  



History	
  of	
  the	
  Hybrid	
  Type	
  II	
  TFS	
  Cavity	
  idea	
  

  R&D	
  effort	
  for	
  Hybrid	
  TFS	
  cavity	
  proposed	
  to	
  ADMX	
  
collabora8on	
  mee8ng	
  8/2011 

  At	
  the	
  same	
  mee8ng	
  Prof.	
  Ka-­‐Ngo	
  Leung	
  (UCB	
  NE)	
  provided	
  
the	
  technical	
  solu8on	
  for	
  coa8ng	
  interior	
  cylindrical	
  surfaces	
  

  He	
  had	
  successfully	
  deposited	
  TiN	
  on	
  2.2	
  km	
  of	
  beam-­‐pipe	
  in	
  
the	
  Low	
  Energy	
  Ring	
  of	
  the	
  SLAC-­‐LBNL-­‐LLNL	
  PEP	
  II	
  B	
  Factory	
  



Yale	
  got	
  in	
  the	
  game	
  



G&J	
  Jones	
  Co.	
  made	
  three	
  RF	
  plasma	
  deposi8on	
  units	
  for	
  us	
  

c.	
  2012	
   2015	
  

2013	
  



Berkeley	
  unit	
  can	
  coat	
  both	
  barrels	
  (concave)	
  &	
  rods	
  (convex)	
  

The	
  “Hot	
  Dog	
  Roller”	
  	
  



Characteriza8on	
  

Temperature	
  (K)	
  

5.5	
  

Re
sis
ta
nc
e	
  
(O
hm

s)
	
  

0.0011	
  

9.5	
  

0.0000	
  

•  Four-­‐wire	
  
measurement	
  
–  Resistance	
  

•  X-­‐ray	
  fluorescence	
  
–  Composi8on	
  
–  Thickness?	
  

•  Rutherford	
  
backscaOering	
  
–  Composi8on	
  
–  Thickness	
  



XRF:	
  a	
  mystery…	
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XRF:	
  a	
  mystery…	
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Mystery	
  solved:	
  microscope	
  slide!	
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LBNL	
  Rutherford	
  
BackscaOering	
  System	
  



10	
  GHz	
  prototype	
  cavi8es	
  (“salt	
  shaker	
  cavi8es”)	
  

We	
  “rediscover”	
  the	
  proximity	
  effect	
  arer	
  50	
  or	
  60	
  
years,	
  i.e.	
  a	
  superconduc8ng	
  thin	
  film	
  on	
  a	
  normal	
  
conduc8ng	
  substrate	
  doesn’t	
  work.	
  	
  Thus	
  ceramic	
  or	
  
anodized	
  aluminum	
  substrate	
  next.*	
  
	
  
“Several	
  months	
  in	
  the	
  lab	
  saved	
  us	
  several	
  
hours	
  in	
  the	
  library.”	
  	
  	
  	
  	
  S.K.	
  Lamoreaux	
  

*	
  	
  C.R.	
  Hannum	
  &	
  R.E.	
  WyaO,	
  MS	
  Thesis,	
  NPS	
  1963	
  



Next	
  steps	
  

•  “Salt-­‐shaker”	
  cavity	
  deposi8ons	
  
•  Mul8-­‐layer	
  films!	
  

– Perfectly	
  reflec8ng	
  RF	
  deposi8on	
  will	
  need	
  to	
  be	
  a	
  
mul8layer	
  of	
  alterna8ng	
  TFS	
  (~	
  10	
  nm)	
  and	
  thin	
  
insula8ng	
  layers	
  

	
  
	
  



Thank	
  you!!!	
  


